Vibrio cholerae 638 (El Tor, Ogawa), a new CTX⌽-negative hemagglutinin/protease-defective strain that is a cholera vaccine candidate, was examined for safety and immunogenicity in healthy adult volunteers. In a double-blind placebo-controlled study, no significant adverse reactions were observed in volunteers ingesting strain 638. Four volunteers of 42 who ingested strain 638 and 1 of 14 who received placebo experienced loose stools. The strain strongly colonized the human small bowel, as evidenced by its isolation from the stools of 37 of 42 volunteers. V. cholerae 638, at doses ranging from 4 ؋ 10 7 to 2 ؋ 10 9 vibrios, elicited significant serum vibriocidal antibody and anti-Ogawa immunoglobulin A antibody secreting cell responses.
Cholera is an acute diarrheal disease consisting of the passage of voluminous rice-water stools. Vibrio cholerae of serogroups O1 and O139, the causative agents of cholera, secrete a potent enterotoxin, cholera toxin (CT), which causes the clinical symptoms of the disease (17) . CT is composed of one A subunit (CTA) which catalyzes NAD-dependent ADP-ribosylation and five B subunits (CTB) that carry the ganglioside GM 1 receptor binding site (8) . The genes encoding CTA (ctxA) and CTB (ctxB) are encoded by the genome of filamentous phage CTX⌽ (40) . The toxigenic V. cholerae is a CTX⌽ lysogen (40) . The ctxA and ctxB genes are located adjacent to other phage genes encoding the core-encoded pilus (cep), the accessory cholera enterotoxin (Ace), and the zonula occludens toxin (Zot) in a core region (40) . The core region is flanked by repeat sequences of RS1 and RS2 types that encode proteins required for CTX⌽ integration and replication (41) . The CTX⌽ receptor is the toxin coregulated pilus, a type IV pilus essential for intestinal colonization in humans (13) . In addition to CT, V. cholerae produces other putative toxic factors such as Ace, Zot, hemolysin, hemagglutinin/protease (HA/P), and others (17) . The roles of these factors in disease have not been determined.
To cause infection, cholera-causing vibrios must overcome the gastric acid barrier, attach to and penetrate the mucous coat, and reach the underlying epithelial cells (17) . Intestinal colonization in humans is evidenced by the detection of cholera vibrios in stools; their presence reflects their multiplication in the small bowel and subsequent detachment. Vibrios are also taken up by M cells in which they could interact with macrophages and lymphocytes to elicit immune response (31) .
The spread of the seventh pandemic, characterized by the predominance of El Tor biotype vibrios, to the Western hemisphere reemphasizes the need for a safe and effective vaccine against cholera caused by V. cholerae El Tor. The recognition that protection against V. cholerae infection is highly dependent on stimulation of a mucosal immune response has favored the concept of an oral vaccine (36) . An inactivated whole-cell oral vaccine has been extensively tested in field trials (14) . Although this vaccine is safe and well tolerated, it is costly, requires multiple doses, and provides less than optimal protection, particularly for children. Volunteer studies have shown that orally administered virulent or genetically attenuated V. cholerae strains can be highly immunogenic (23) . These studies have demonstrated that solid protection can be achieved in the absence of antitoxin immunity (23) (24) (25) . CVD103HgR, a CTA Ϫ CTB ϩ derivative of the classical biotype Inaba strain 569B, has been extensively tested in volunteers (26) . This vaccine is safe and well tolerated and was protective in volunteers.
Unfortunately, most El Tor biotype vaccine strain candidates, even those lacking the whole core region of the CTX element (⌬Ace, ⌬Zot, ⌬CT) have been considered too reactogenic for wide-scale usage (37, 38) . Reactogenicity is manifested as mild to moderate diarrhea, abdominal cramps, malaise, vomiting, or low-grade fever (37, 38) . The cellular basis of these adverse reactions is not clear. Reactogenicity could be due to colonization of the intestinal mucosa per se and/or synthesis by the vaccine strain candidate of unrecognized virulence factors.
Recently, the nonmotile El Tor Inaba candidate vaccine strain Peru-15 was reported to be well tolerated and immunogenic in volunteers (18) . The efficacy of this experimental vaccine remains to be confirmed by field trials in areas where cholera is endemic, including epidemiological settings in which the Ogawa serotype is predominant. Experiments with Peru-15 have provided evidence that the capacity of motile vaccine strains to penetrate the mucous coat contributes to reactogenicity (18, 28) . In summary, despite cholera being an old scourge, we are still challenged to develop a vaccine that is affordable for afflicted nations and that integrates long-lasting protection with clinical and environmental safety.
In the present study, we describe a preliminary assessment of the safety and immunogenicity in adult volunteers of a new El Tor vaccine strain candidate that was constructed by deletion of CTX⌽ prophage and inactivation of the HA/P gene by insertion of celA encoding Clostridium thermocellum endoglucanase A.
MATERIALS AND METHODS

Media.
V. cholerae and Escherichia coli strains were routinely grown in LB medium and stored in Trypticase soy broth (Difco Laboratories) supplemented with 15% glycerol and 10% skim milk (Oxoid Ltd.) at Ϫ70°C. Ampicillin (100 g/ml) and polymyxin B (100 U/ml) were added when necessary. For determination of CT production, cholera vibrios were grown in AKI cultures (16) .
Construction of vaccine strains. The construction of strains 81 and 638 is illustrated in Fig. 1 . The suicide plasmid pAJF containing part of the core region cloned in vector pGP704 (3) was transferred by conjugation from the permissive host E. coli SM10pir (33) to V. cholerae C7258 (El Tor, Ogawa, Perú, 1991) to produce an ampicillin-resistant cointegrate (Fig. 1A) . Southern blot hybridization analysis confirmed that the cointegrate was a partial duplication of core genes separated by vector DNA and flanked by RS sequences (Fig. 1A) (3, 4) . The cointegrate was allowed to segregate in antibiotic-free medium, and antibiotic-sensitive colonies were selected. The vast majority of ampicillin-sensitive colonies lacked the core genes and contained a single RS element in their chromosome (Fig. 1A) (3, 4) . A segregant designated V. cholerae 81 was confirmed to contain a single RS element of type RS1 in the chromosomal site previously occupied by the CTX⌽ prophage (Fig. 1A) (4) . For construction of strain 638 (Fig. 1B) , suicide vector pGPH6 containing the HA/P gene (hap) inactivated by insertion of reporter gene celA (30) was transferred from E. coli SM10pir to strain 81 to produce an ampicillin-resistant cointegrate. Southern hybridization demonstrated that the cointegrate contains the insertionally inactivated hap gene (hap::celA) and its wild-type allele separated by vector DNA (30) . The ampicillin-resistant cointegrate described above was allowed to segregate in antibiotic-free medium, and ampicillin-sensitive colonies were selected. An ampicillin-sensitive colony designated 638 was characterized by Southern analysis and shown to contain the hap::celA mutant allele (30) .
Measurement of CT. CT was measured in culture supernatants by GM 1 enzyme-linked immunosorbent assay (ELISA) by using monoclonal antibody 1G10G5 against CTA and peroxidase-conjugated anti-mouse immunoglobulin G (IgG) as the primary and secondary antibodies, respectively (7) .
Animal studies. Ileal loop experiments were performed as described previously (10) . Briefly, New Zealand adult rabbits were not allowed food for 24 h, and their small intestines were withdrawn and ligated approximately 10 cm from the appendix. The intestine was divided into 5-to 6-cm segments by ligature, and 10 8 CFU vibrios in 0.5 ml of phosphate-buffered saline were injected. After 16 to 18 h, the animals were sacrificed and loop length and fluid volume were determined. Results are expressed as fluid accumulation (FA) ϭ fluid volume (in milliliters)/length (in centimeters). The 50% lethal doses (LD 50 s) was determined by using the infant mouse model. Dilutions containing from 10 3 to 10 7 vibrios in 20 l of phosphate-buffered saline were orally inoculated to groups of 6 to 10 2-or 3-day-old newborn mice. Mortality was determined after 72 h, and the LD 50 was calculated as described elsewhere (29) . Volunteers. Volunteers were recruited from 18-to 40-year-old male students or workers from the municipality La Lisa of Havana. All volunteers enjoyed good health, did not have recent history of diarrheal disease or cholera vaccination, and were not taking any medication at the time of recruitment. Before admittance, volunteers were medically and psychologically screened and passed a written exam to assure their understanding of the study. Finally, each volunteer signed a witnessed informed consent.
Study design. The study was performed in a isolation ward at the Institute for Tropical Medicine "Pedro Kouri." The clinical trial protocol was revised and approved by the Ethics Committees of the Institute for Tropical Medicine "Pedro Kouri" and the Instituto Finlay. Finally, the study was authorized by the State Center for Drug Control and the National Biosecurity Laboratory. In the present study, 42 volunteers received strain 638 and 14 received placebo. In the first group, 16 volunteers received 2 ϫ 10 9 CFU (high dose) and 6 received placebo. In the second group, 7 volunteers received 10 9 CFU (high dose), 7 received 4 ϫ 10 7 CFU (low dose), and 4 received placebo. In the third group, 6 volunteers received 2 ϫ 10 9 CFU (high dose), 6 received 2 ϫ 10 8 CFU (medium dose), and 4 received placebo. In the fourth group, eight volunteers received 10 9 CFU of strain JBK70 (25) and four received placebo.
Preparation of inoculum and administration of vaccine strain and placebo. The vaccine strain was grown on brain heart infusion (BHI) agar and suspended in saline, and the resulting solutions were standardized spectrophotometrically. The suspensions were diluted appropriately and plated to determine the viable count. Volunteers ingested 120 ml of 2% bicarbonate buffer followed by the inoculum in 30 ml of the same buffer. The placebo consisted of bicarbonate buffer alone and was indistinguishable from the vaccine preparation. To ensure double-blinding, identical flasks, containing either inoculum or placebo, were coded by an outside monitor. The clinical investigator assigned a letter to each volunteer. The code was kept by the monitor till the end of the experiment and analysis of all samples. Food and drinks were withheld from volunteers for 90 min before and after dosing.
Clinical surveillance. During the first 2 days, volunteers were allowed to acclimate to the isolation ward, the medical screening was completed, and baseline samples were taken. Volunteers were monitored by a clinical investigator for adverse reactions for 120 h after inoculation. All stools were collected in disposable plastic bedpans and weighed, and their consistency was graded on a fivepoint scale (grade 1, formed stool; grade 2, soft but formed stool; grade 3, thick liquid stool; grade 4, opaque watery stool; and grade 5, rice-water stool). Diarrhea was defined as the passage of two or more loose stools (grades 3 to 5) within 48 h and at least 200 g or a single loose stool of 300 g or greater. Other symptoms (fever, abdominal cramps, vomiting, malaise, gurgling, and headache) were recorded. On the fifth day (120 h) after inoculation, volunteers received a single dose of doxycycline (300 mg) and were discharged from quarantine after the third negative coproculture.
Bacteriology. The determination of the number of vibrios excreted per gram of stool was achieved by dispersion of stool specimens in saline, serial dilution, and plating in thiosulfate-citrate-bile salt-sucrose (TCBS) agar. The identity of the colonies was determined by agglutination with specific antisera, resistance to polymyxin B, and expression of the celA reporter gene (30) .
Vibriocidal antibody assay. Sera were collected on days 0, 7, 14, 21, and 28, and vibriocidal antibody titers were determined in a microassay (1) . Briefly, 25 l of twofold dilutions of serum in saline were placed in 96-well tissue culture plates. Next, 25 l of a 10 7 -CFU/ml suspension of V. cholerae VC12 (classical, Ogawa) or VC13 (classical, Inaba), containing fivefold-diluted human complement without anticholera activity, was added to each well and incubated for 1 h at 37°C. Finally, BHI broth containing 2% dextrose and 2% bromocresol purple was added and the plates were incubated 3 h at the same temperature. The vibriocidal antibody titer was defined as the highest dilution of serum causing complete inhibition of bacterial growth as judged by visual color comparison of the culture medium with a control without serum.
Anti-LPS IgG and IgA. Antibacterial antibodies were determined in an ELISA with V. cholerae Ogawa LPS as solid-phase antigen and peroxidase-conjugated anti-human IgG and IgA (Sigma Chemical Co., St. Louis, Mo.). The plates were developed with o-phenylenediamine and the absorbance was read at 492 nm. The antibody titer was defined as the dilution of serum, calculated by interpolation, giving an absorbance value 0.4 unit above the background value (27, 35) .
Antibody-secreting cells. Venous blood was obtained before and 7 days after inoculation to enumerate LPS-specific IgA antibody-secreting cells (ASC) by a modification of the original enzyme-linked immunospot assay (5) . Briefly, peripheral blood mononuclear cells (PBMC) were isolated by gradient centrifugation on Histopaque 1077 (Sigma Chemical Co.). Individual wells of MultiScreen-HA plates (Millipore, Bedford, Mass.) were coated with V. cholerae Ogawa LPS (25 g/ml), 0.5% bovine serum albumin (BSA) (negative control) or anti-human IgA (positive control) in phosphate-buffered saline overnight at 4°C. Plates were washed, blocked with RPMI 1640 complete medium supplemented with 10% fetal calf serum (Sigma Chemical Co.) and gentamicin (50 g/ml) and incubated for 30 min at 37°C in a CO 2 incubator. A volume of 90 l was withdrawn from each well and replaced with 50 l of PBMC suspension (10 6 to 10 5 cells), and incubation continued for 4 h at 37°C in a 7.5% CO 2 atmosphere. The imprints of specific ASC were revealed by addition of peroxidase-conjugated anti-human IgA and overnight incubation at 4°C. Spots were counted under low magnification, and results were expressed as ASC per 10 6 PBMC. Volunteers who experienced a twofold increase in the number of ASC after inoculation and had a final count higher than two spots per 10 6 PBMC were considered positive. Statistical analysis. Statistical analysis of experimental data was performed with software Epi Info 6, version 6.04a, July 1996 (Centers for Disease Control and Prevention, Atlanta, Ga.). Means and proportions were compared by the paired t and exact Fisher's test, respectively.
RESULTS
Properties of vaccine strain. Strain 638 was constructed by deletion of the CTX⌽ prophage from the chromosome of C7258 to yield strain 81 and subsequent inactivation of the hap gene by insertion of celA (Fig. 1) (3, 4) . Strains 81 and 638 lack DNA sequences homologous to the core region of the CTX element but retain a RS1 in their chromosome (3, 4) . Strain 638 does not produce soluble HA/P activity or immunoreactive material (30) . The parent strain C7258, a clinical isolate from Perú, produced CT and was highly virulent in the infant mouse cholera model (Table 1) . Strains 81 and 638 were markedly attenuated when tested for enterotoxicity in rabbit ileal loops and virulence in infant mice ( Table 1) . Disruption of hap in strain 638 slightly increased the LD 50 over that of strain 81 (Table 1) . Aside from the above genetic manipulations, V. cholerae 638 was indistinguishable in morphology, motility, biochemical tests, nutritional requirements, and growth rate from its parental strain (C7258). During characterization of recombinant strains, we noticed that strain 81 lost its capacity to assemble cell surface mannose-sensitive hemagglutinin (6) . This phenotype did not affect intestinal colonization of its 638 derivative in mice (30) and humans (present study).
Reactogenicity. A summary of clinical findings after ingestion of strain 638 and placebo is shown in Table 2 . All clinical manifestations observed were mild and of short duration. No statistical significance could be demonstrated between the inoculated and placebo groups with the present data. Gurgling and abdominal cramps were the adverse reactions most frequently reported by volunteers irrespective of dose. Four of 42 volunteers inoculated developed mild diarrhea (grade 3).
FIG. 1. Construction of candidate vaccine strain 638. Construction of strain 81 (A) and strain 638 (B). Gene designations:
cep, core-encoded pilus; orfU, open reading frame U; ace, accessory cholera enterotoxin; zot, zonula occludens toxin; ctxA, cholera toxin A subunit; ctxB, cholera toxin B subunit; RS1, repeat sequence; hap, hemagglutinin/protease; hap*, 5Ј or 3Ј half of hap; bla, ␤-lactamase; celA, C. thermocellum endoglucanase A; oriR6K, R6K origin of replication; mobRP4, RP4 mob (mobilization) region.
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A NEW HA/P-DEFECTIVE CHOLERA VACCINE CANDIDATEAmong these volunteers, two from the first group (n ϭ 16) and one from the second group (n ϭ 7) received the high dose. The fourth volunteer with diarrhea ingested the medium dose. One volunteer who received the high dose had five loose stools (72 h after inoculation) and a total output of 680 g. Two volunteers had two loose stools 28 and 72 h after inoculation with total outputs of 220 and 500 g, respectively. Another volunteer had a single diarrheal output of 300 g 73 h after inoculation. In order to evaluate if the scarcity of adverse reactions observed in Cuban volunteers was due to a lower susceptibility, we carried out a control experiment with strain JBK70. This is a first-generation (⌬ctxA ⌬ctxB) vaccine strain discarded because of its elevated reactogenicity in North American volunteers (25) . This strain colonized the human small bowel well, as evidenced by its isolation from the stools of seven of eight volunteers. Five of eight volunteers (63%) who ingested JBK70 experienced diarrhea with total stool weight peaking at 1.2 kg (three volunteers, grade 3; 2 volunteers, grade 4; mean diarrheal stool weight per ill volunteer, 588 g; mean number of diarrheal stools per ill volunteer, 2.6). Other symptoms associated with ingestion of JBK70 were vomiting (one volunteer), abdominal cramps (two volunteers), headache (three volunteers); gurgling (two volunteers), and heartburn (one volunteer). No symptoms were observed in volunteers who received placebo in this control experiment.
Bacteriological isolation of vaccine strain. As indicated in Table 3 , strain 638 was recovered in 37 of 42 volunteers inoculated (88%). For the higher dose, excretion of the vaccine strain tends to peak at 72 h after inoculation. Three of the four cases of diarrhea occurred at this time. Of the 37 volunteers who excreted vibrios, 12 excreted on at least 4 days, 19 excreted on at least 3 days, and 28 excreted on 2 days. The number of volunteers excreting strain 638 and the mean number of vibrios per gram of stool declined in volunteers given the lower dose. Vibrios isolated from the stools of volunteers produced endoglucanase A, indicating that the celA reporter gene was stably maintained during growth in the human intestine. No vaccine strain was detected in the stools of volunteers receiving placebo.
Immune response to vaccine strain. Strain 638 elicited a significant and consistent immune response in terms of serum Ogawa vibriocidal antibodies, serum anti-Ogawa LPS IgG or IgA (Table 4) , and Ogawa LPS-specific IgA ASC (Table 5) . Although reciprocal geometric mean titer (GMT) peaked 14 days after inoculation, seroconversion was attained on day 7 and titers remained high till day 28. Seroconversion rates, peak reciprocal GMT, and ELISA titers were dose dependent. However, even at the lowest dose, strain 638 elicited a significant vibriocidal antibody response compared to that of the placebo group. A significant proportion of the volunteers who experienced seroconversion developed relatively high (Ն1,024) vibriocidal titers (Table 4 ). All volunteers who seroconverted for Ogawa vibriocidal antibodies seroconverted for the Inaba serotype (data not shown). The high percentage of responders in the ASC evaluation (Table 5 ) reflects an effective stimulation of mucosal immunity, mainly secretory IgA (sIgA), by strain 638 which corresponds with the elevated anti-LPS IgA titers encountered 14 days after inoculation. One volunteer who ingested placebo seroconverted for anti-LPS IgG. This volunteer had very low preinoculation anti-LPS serum IgG that increased to the cutoff value at day 7 and remained constant thereafter. Another volunteer who ingested placebo reached the cutoff value of ASC. Similarly, this volunteer had a very low preinoculation number of LPS-specific ASC.
DISCUSSION
V. cholerae C7258 is a toxigenic vibrio isolated from a patient during the 1991 cholera outbreak in Perú. This strain produced CT in AKI cultures and was very virulent in the infant mouse cholera model (Table 1) . The genetic modifications shown in Fig. 1 resulted in the marked attenuation of strains 81 and 638 (Table 1 ).
An advantageous property of strain 638 is that the genetic manipulation did not introduce deleterious mutations affecting the growth rate in vitro and in vivo. In fact, inactivation of hap increased colonization in infant mice (30) . Another desirable property of strain 638 is that it is marked with a reporter gene encoding an activity not present in other enteric bacteria. The ␤-(1-4) endoglucanase activity encoded by celA is easily detectable in carboxymethylcellulose indicator agar stained with Congo red (30) . In this test, the vaccine strain appears as a red colony surrounded by a transparent halo in a red field. This rapid, simple, and sensitive technique is particularly useful in minimally equipped laboratories or research stations created for field experiments.
Strain 638 was well tolerated in volunteers ( Table 2 ). All the clinical symptoms recorded were mild and of short duration. The rate of diarrhea observed in volunteers ingesting 638 was 9.5%. The preceding El Tor biotype candidate vaccine strains JBK70 and CVD110 induced mild to moderate diarrhea in 50 to 70% of North American volunteers, with total stool volumes peaking 1.8 liters (2 to 13 loose stools per ill volunteer) (25, 37) . The observation that Cuban volunteers challenged with strain JBK70 experienced adverse reactions to a similar extent supports the conclusion that strain 638 is a comparatively welltolerated vaccine candidate. The nonreactogenic classical biotype vaccine strain CVD103-HgR produced diarrhea in 0.5 to 11% volunteers, depending on the target population (21, 34) . The rate of diarrhea observed after ingestion of strain 638 fell within the range of strain CVD103-HgR. However, in comparing CVD103-HgR and 638, some important differences should be considered. First, in volunteer studies conducted in Thailand (34) and Peru (11) in which 10% of volunteers developed mild diarrhea, a different definition of diarrhea was used; diarrhea was defined as the passage of three to four loose stools in 24 h. No volunteer ingesting strain 638 had diarrhea by this definition. Second, in the above studies with CVD103-HgR, the heat-inactivated E. coli K-12 placebo itself elicited symptoms. In the present study, we used buffer as the placebo to maximize the likelihood of detecting statistically significant differences with the group ingesting the attenuated strain. A third difference is that our volunteers ingested strain 638 harvested from a plate. A lower rate of diarrhea was observed when volunteers received lyophilized CVD103-HgR (26) . The cellular basis of reactogenicity is not clear but the detection of proinflammatory cytokines and lactoferrin in the stools of volunteers administered strain CVD110 suggests a local inflammatory response (32) .
More recently, the El Tor biotype candidate vaccine strain Peru-15 was shown to be immunogenic, protective, and well tolerated in volunteers (18) . It has been hypothesized that Peru-15 is not reactogenic because it is nonmotile and incapable of penetrating the mucous gel to interact with enterocytes and induce an inflammatory response (28) . Strain 638 is motile and does not produce HA/P (30). It is not possible to evaluate with the present data the role of HA/P in reactogenicity. Inactivation of the HA/P gene increased the duration of adherence of cholera-causing vibrios to cultured intestinal epithelial cells (9) , augmented adherence and multiplication of choleragenic vibrios on mucus-coated cultured human intestinal cells (2) , and increased adherence and colonization in infant mice (30) . Infant mice colonization data have been shown to correlate well with colonization in humans (13, 39 ). An early hypothesis was that reactogenicity is due to the synthesis by candidate vaccine strains of other virulence factors. It is possible that HA/P could be a virulence factor contributing to the reactogenicity of genetically attenuated (CT Ϫ ) candidate vac- cine strains. Several lines of evidence argue in favor of this possibility. First, HA/P belongs to a family of zinc-containing metalloproteases widely distributed in pathogenic bacteria (12) . Second, HA/P enhances the enterotoxicity of live vibrios in rabbit ileal loops (15) . Third, it has been reported that HA/P causes morphological changes and perturbs the paracellular barrier function in cultured epithelial cells (42) . Alternatively, the absence of the mucinase activity associated with HA/P could prevent penetration of mucus as the motility defect in Peru-15. The recovery of strain 638 from 88% of the volunteers inoculated indicates that this strain colonizes the human small bowel well (Table 3 ). Early studies suggested that colonization correlates positively with reactogenicity (25, 37) . Strain 638 is an example of a V. cholerae candidate vaccine strain that colonizes the small bowel very well without exerting severe side effects (Table 2 ). CVD103-HgR does not adhere to cultured cells and colonizes animal models and humans poorly (2, 23, 24) . Our results suggest that this vaccine could be improved by enhancing its adherence and colonization without increasing its reactogenicity.
Strain 638 elicited significant serum (Table 4) and ASC (Table 5 ) responses at all doses tested. The vibriocidal antibody response is considered the best immunological correlate with protection (23, 24) . The magnitude of the serum vibriocidal antibody response (Table 4) to ingestion of strain 638 was similar to that of the classical biotype vaccine CVD103-HgR (23) . Long-lasting protection against V. cholerae infection is due to induction of high levels of sIgA antibodies and immunologic memory for these antibodies in the intestine (36) . An alternative approach to determining sIgA antibodies in intestinal fluids is enumeration of the specific ASC circulating in the blood; ASC reflect priming of the mucosal immune system to locally presented antigens (36) . The high ASC response rate induced at all doses examined (Table 5) suggests that ingestion of strain 638 efficiently elicits the correct immune response. The slight decline of both serum and ASC responses at the lower dose was paralleled by a decline in the recovery of vibrios from the stools of volunteers (Table 3) . Since strain 638 does not produce HA/P, the above results demonstrate that hap is an appropriate locus for insertion of foreign antigens without affecting immunogenicity.
The above results justify further improvement of strain 638. The ability to induce antitoxin immunity would be desirable. Enhancement of biosafety is a second major concern. Strain 638 contains an RS element of type RS1 in the position previously occupied by CTX⌽ (4). On one side, the RS1 can provide an attachment site for reinsertion of CTX⌽ and be considered a negative factor. On the other hand, the product of rstR confers immunity to reinfection by El Tor CTX⌽ (20) and its presence in strain 638 could be a biosafety-enhancing feature. PCR cloning and DNA sequencing of the RS1 present in strain 638 confirmed the presence of open reading frames rstR, rstA1, rstB1, and rstC (4). A desirable property for a liveorganism vaccine candidate is that it be deficient in genetic recombination (e.g., recA). However, recA mutations could have negative effects. It can render a vaccine strain costly by affecting colonization and immunogenicity (19, 22) or making it more sensitive to lyophilization. Thus, since no live cholera vaccine has yet proved to be effective in the field, caution should be taken not to overemphasize all the properties that could be anticipated for an ideal vaccine. 
